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INTRODUCTION 


Tho  stli'ii  iun  ol  materials  to  most  effectively  satisfy  new  envirou- 
mi-nlal  i  equi rement s  and  increased  design  load  reqni romeiit. s  lor  advanced  Air  Force 
weapons  systems  is  ot  vital  importance.  A  major  difficulty  Lliat  design  engineers 
ciicouiit  or,  particularly  Tor  newly  developed  materials,  materials  processing,  and 
product  forms,  is  a  lack  of  sufficient  engineering  data  information  to  effectively 
evaluate  the  relative  potential  of  these  developments  l’or  a  particular  application. 

In  recognition  ot  this  need,  the  Air  Force  lias  sponsored  several  programs 
aL  lid L telle ' s  Columbus  laboratories  tc  provide  comparative  engineering  data  for 
newly  developed  materials.  The  materials  included  in  these  evaluation  programs 
were  carefully  selected  to  insure  that  they  were  either  available  or  could  become 
quickly  available  on  request  and  that  they  would  represent  potentially  attractive 
alloy  projections  for  weapons  system  usage.  The  results  of  these  programs  have 
been  published  in  four  technical  reports,  AFML-TR-67-418,  AFML-TR-68-211 ,  AFML-TR- 
70-252,  and  AFMI.-TR- 7 1 -249  . 

This  technical  report  is  a  result  of  the  continuing  effort  to  relieve 
lIk-  above  situation  and  to  stimulate  interest  in  the  use  of  newly  developed  alloys, 
or  new  processing  techniques  for  older  alloys,  for  advanced  structures  or  propul¬ 
sion  systems. 

The  materials  evaluated  under  this  program  are  as  follows: 

(1)  17 -4 -PH  (11900)  ESI!  Tar 

(2)  Udimet  / i )  Forged  bar 

(3)  7050-T7E56  Hand  Forging 

14)  2214-051  (Alcoa  417  Process)  Plate 

(5)  Ti-6Ai-4v  (iiiiiiT)  Diffusion  bonded  Component. 

The  temper  or  heat-treat  conditions  selected  for  evaluation  are  described 
in  each  alloy  section. 

The  program  approach  was,  as  on  previous  contracts,  to  search  the 
published  literature  and  to  contact  metal  producers  and  aerospace  companies  for 
any  pertinent  data.  if  very  little  pert’  ient  information  was  available,  a  com¬ 
plete  material  evaluation  was  conducted.  Upon  completion  of  each  material  evalu¬ 
ation,  a  "daLa  sheet"  was  issued  to  make  the  data  immediately  available  to  potential 
users  r  i Liter  than  defer  publication  to  the  end  of  the  contract  term  and  the  summary 
t. -chui.  .1  report.  These  data  sheeLs  are  reproduced  in  Appendix  111  oi  this  report. 

Detailed  ini  urination  concerning  the  properties  of  interest,  test  Leclt- 
ni'|iics,  and  specimen  types  are  contained  in  Appendices  1  and  II  of  this  reporL. 
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Mate;  i  j  1  Ijcsc r  i  pt  i  t ‘it 


This  alley  is  one  o]  cho  lamil\  ol  precipitation  hardening  stainless 
steels  which  nave  tumid  wide  usage  i  n  aomspaco,  indusLri  al ,  and  commercial 
applied l ions.  The  particular  material  used  in  this  evaluaciou  was  produced  by 
the  lil  ec  I  ros  1  ag  Kernel  tint;  I.ESK1  process.  In  Lhis  process  an  electrode  (in  ihis 
case,  air  melted  17-4  I’ll)  is  melted  in  a  resistance  he  ited  molten  bath  of  flux 
contained  in  an  open-hot tomed  water-cooled  metal  mold.  The  melted  metal  iorms 
a  pool  beneath  Lhe  flex  hath  and  progressively  solidities  forming  an  ingoL 
whieh  i.s  continuously  extracted  from  the  mold. 

The  metal  is  refined  and  desulfurized  by  ilex  action  and  the  miero- 
sLiucture  is  improved  by  eontrolled  so  1 idil icat ion . 

The  material  used  in  this  evaluation  was  a  3 . 3-incli-diameter 
bar  I  rum  Ileal  022(18.  Chemistry  was  as  follows: 


Chemical 


Composition 

Percetit 

Carbon 

0.04 

Manganese 

0,70 

Silicon 

0.41 

Phosphorus 

0.15 

Sul  fur 

0.08 

Chromium 

15.9 

Nickel 

4,45 

Copper 

3.45 

Co lembium 

0.23 

1  ron 

Bal ance 

.  ssinr,  and  Heat  Treat  ing 

oil  specimens  were  machined  from  the  longitudinal  direction,  except  f>. 
both  J  eng,  i  I  udi  nul  and  transverse  Cliarpy  impact  specimens,  as  shown  in  Figure  3. 
lin  y  were  then  In.  at  Lreated  at  900  F  for  1  hour  to  Condition  11900. 


Tes  t  kesu 1 t  s 


Tension .  Kesuits  ol  longitudinal  tests  at  i num  temperature,  400  F, 
7iJ0  F,  and  900  1'  are  given  in  Table  1.  Stress-strain  curves  at  temperature  arc 
slmw'i  in  Figure  2.  h fleet  oi  temperature  curves  are  presented  in  Figure  4. 


i>  f 


1 


Compression.  Remus  o'  ]  ong  i  I  uJ  i  n  a  ]  Usts  a '  loom  I  oinpi'iMt  urc  ,  400  F , 
/00  i',  .in*!  900  F  .Hi  g  i  veil  in  Table  ]  i.  S(  i  ess-st  rain  and  I  .  i  n  j.;  o  i  1 1  -niodu  !  i.t,  curves 
air  i*  re  son  t  ed  in  Figure  3.  Filed  ol  t  einper.Uu  re  curves  are  shown  in  Figure  3. 

Shear.  Results  ol  room  temperature  pin  shear  tests  are  given  in 

Table  III. 

]  mpaci .  t;liarpy  test  results  lor  longitudinal  and  transverse  specimens 
at  room  temperature  are  given  in  Table  IV. 

Fracture  Toughness .  g]  ow-beil<l  tests  were  conducted  at  room  tempera¬ 
ture.  Results  are  given  in  Table  V.  The  K()  values  obt  lined  are  considered 
valid  t;  i  numbers  by  existing  ASTM  standard 3. 

Fat igue.  Axial  load  Fatigue  tests  results  lor  unnotched  and  notched 
longitudinal  specimens  are  given  in  Tables  VI  and  VI 1 .  S-N  curves  are  presented 
in  Figures  b  and  7  lor  room  temperature,  400  F,  and  700  F. 

Creep  and  Stress-Rupture.  Results  of  tests  on  longitudinal  specimens 
a i  700  F,  900  F,  and  3100  F  are  given  jn  Table  Vlll.  Log-stress  versus  log- 
tinu  curves  are  shown  in  Figure  8. 


gLress  Corrosion.  S^x  specimens  were  tested  as  described  Ln  the 
experimental  procedures  section  of  this  report.  Ho  cracks  or  failures 
occurred  in  the  1000  hour  test  dui  ition. 


'Thermal  expansion.  The  coefficient  ol  thermal  expansion  for  this 
alloy  is  0.5  x  10~ '  in/in/F  for  68  F  to  900  F. 

Density.  Tie  density  ol  tliis  material  is  0.282  lb/ in'1. 
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I'AHLl-  i. 


'itNSiON  n:sT  K'isn.ij  ptk  :  >  .  .^k  <e«r) 


Ij  1 1  i me t  c  0.2  percent  llongat  i  on 

i;u  c  i.  men  Tonsil  i-  Offset  Yield  in  2  inches, 

Number  Strength,  ksi  Strength,  ksi  percent 


Undue  lion  Tensile 
in  Area,  Modulus, 
percent  10  p i 


Room  Temperature 


11,-1 

201,4 

189.6 

lb. 2 

50.0 

28.5 

11,-2 

19  3.8 

184.2 

18.0 

45 . 6 

29.2 

11,-3 

194.4 

182.9 

17.2 

48.2 

28.3 

400  F 

1L-4 

180.2 

159.6 

10.1 

38.6 

26.2 

i’,-5 

176.4 

160.2 

11.6 

38.0 

26.3 

11,-0 

175.8 

158.0 

10.9 

36.2 

27.0 

700  1 

1L-7 

16u .  0 

142.6 

9.9 

38.6 

24.0 

1L-8 

162.8 

147.6 

10.2 

31.2 

24.4 

1L-9 

158,3 

144.8 

9,7 

34.9 

23,6 

900  F 

11,-10 

138.0 

110.0 

10.0 

30.0 

22.8 

1L-11 

142 . 2 

108,0 

9.5 

38.0 

20.9 

11-12 

137.9 

106.5 

9.5 

35,2 

23.1 
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TAini;  n. 


COMPRESSION  TEST  lUiSPITS  FOR 
17-4  PH  OiyOO)  BAR  (ESR) 


Spec  ime.n 
Number 

0,2  Percent 
Offset  Yield 
Strength, 
ksi 

Compression 
Modulus , 

10r'  psi 

Room  Temperature 

2L-1 

172.6 

29.o 

2L-2 

170.0 

30.1 

2 1,-  3 

176.7 

31.0 

400  F 

2L-4 

147.6 

2  7 . 0 

21.-5 

150.0 

27.4 

21.-6 

146.2 

26.2 

700  F 

21.-7 

138.6 

25.1 

21,-8 

138.6 

24.0 

21.-9 

141.2 

24.9 

900  V 

21.-10 

117,0 

24.2 

21.-11 

118.7 

24.0 

21.-12 

117.0 

23.4 
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lAiSLL  11L.  SHEAR  TEST  RESULT'S  l’OR  17-4  I’ll 
(H900)  BAR  (ESR ) 


Specimen 

Number 

Ultimate  Shear 
Strength,  ksi 

4L- 1 

117.0 

4L-2 

117.2 

4L-3 

117.0 

4L*4 

118.0 

3 

J 


TABU:  IV.  IMPACT  TEST  RESULT'S  1-OR 
1 ' -4  PH  (H900)  bar  (esh) 


Specimen 

Number 

Energy , 
ft/lbs 

101,-1 

Longitudinal 

20.8 

10L-2 

21.0 

10L-3 

28.0 

16.4 

10L-5 

23.9 

10T-1 

Transverse 

15.2 

10T-3 

21.9 

24.7 

10T-5 

17.6 
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TABLIO  V.  FKAGTl'Rl,  TOUGHNESS  TOST  RESULTS 
FOR  17-6  Pll  (H900)  BAR  (liSR) 


Specimen 

Number 

W, 

inches 

a. 

inches 

T, 

inches 

r, 

lbs 

Spun , 
inches 

ft*) 

V 

kq 

1 

1.503 

.568 

.757 

7,500 

6,5 

1 . 8o 

65.1 

2 

1.503 

.553 

.757 

8,600 

6.5 

1.81 

50.6 

3 

1.503 

.570 

.756 

8,100 

6.5 

1.87 

69.0 
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TAiil.L  VJ.  AXIAL  LOAD  l  AL'UIDL  IK  ST  KLSl'LiS  I  OK 
HNNOTCIIKP  17-4  PH  (11900)  UAK  (HSR) 


Spec  i tie n 

Numhe  r 

Max  Lmuin 

Stress,  ksi 

1,  i  1  e  t  i  me  , 
e  y  c  1  e  s 

Room  Temperature 

5-2 

1  50.0 

23,309 

5-3 

14  5.0 

27,100 

5-1 

140.0 

69,900 

5-4 

3  35.0 

33,900 

5-5 

130.0 

317,300 

5-6 

125.0 

109,500 

5-7 

120.0 

Ul 

CD 

O 

O 

5-9 

110.0 

338,700, 

5-10 

105.0 

3 1 ,41 9, 500 ,a 

400  !■' 

5-11 

150.0 

<b> 

5-15 

140.0 

).  00 

5-13 

135.0 

19,700 

5-12 

130.0 

33,400 

5-14 

125,0 

146,3  00  . 

5-16 

120.0 

s 

o 

o 

PN 

r^- 

cn 

5-17 

120,0 

3  ,  327,3  00 

5-28 

100.0 

5, 337, 1  00 

5-29 

90.0 

10,026,000' 

700  V 

5-18 

135.0 

ioo 

5-19 

125,0 

(6) 

5-20 

120.0 

163,600 

5-21 

117.5 

188,400 

5-22 

115.0 

900 

5-23 

113.5 

3  93 , 000 

5-24 

110.0 

88,000 

5-25 

100.0 

2,191,000 

5-26 

90.0 

2,300,600 

5-27 

80,0 

4,821,900 

5-30 

70.0 

1 0,019 , 670'd 

(a)  Did  not  fail. 


(b)  failed  on  loading. 

(c)  broke  at  the rmoc ouple  . 
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TAfil.E  OTT  . 


AXTA1.  LOAD  I' ATT  CUE  TEST  RESPI.TS  FOR  NOTCHED 
(K  «  3.0)  17-4  PU  (11900)  UAK  (CSR) 


Specimen 

Maximum 

l,i  lo  L  ime  , 

Number 

Stress,  ksi 

cycles 

Room  Temperature 

5-1 

no.o 

1,400 

■>  -  :* 

120.0 

2,400 

!)-') 

90.0 

6,100 

f»  -A 

70.0 

7,800 

5  -(> 

60.0 

18,500 

5-5 

50.0 

41 , 700 

3-7 

40.0 

60,300, 
14,853, 100 

5-8 

30.0 

400  F 

5-9 

70,0 

4,600 

5-]  2 

65.0 

16,600 

5-10 

60.0 

20,200 

5-13 

55.0 

22,200 

5-14 

52.5 

57,800 

10,8'’7,600v  ; 

5-11 

50.0 

700  F 

5-15 

70.0 

1  , 900 

5-16 

65.0 

4 , 000 

5-17 

60.0 

7,300 

5-18 

55.0 

1 9, hOu 

5-19 

50.0 

,li-l00(a) 

1  1  ,  586,900 

5-20 

4  5.0 

vu )  Dili  nut  tail. 


1 1 
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Modu 


I  K'.l'KE  J 


TYI’ICAi.  COMI’M-SS  IVK 
MODULUS  CURVES  10R 


1 


Compressive  Strength,  ksi  Elongation,  percent  Tensile  Strength,  ks 


Modulus,  Ec,  !0  psi  Modulus, 


Lifetime,  cycles 


Ruphjre 
1.0  %  creep 
0,5  %  creep 
02  %  creep 


L'RE  AND  PLASTIC  DEFORMATION  CURVES  FOR  17-i  PH  (H900 


Mat ciial  Description 


Ij  .1  imo  L  710  Furgi-.l  liar 


Udimet  710  wan  recently  developed  by  Special  Metals  Corporation  10 
fill  tin  need  for  a  jet  engine  turbine  blading  alloy,  combining  the  high 
strength  and  stability  characieri  sties  of  lldimer  700  wi'.h  the  corrosion  and 
sulfidation  resistance  of  1 3  7.  chromium  alloys  such  as  the  older  Udimet;  500 
and  Waspaloy.  The  alloy  is  designed  for  use  in  either  the  wrought  or  cast 
I  o  rtii.  Data  generated  at  Special  Metals  from  laboratory  heats  show  it  to  have 
rupture  strengths  superior  to  Udimet  700,  good  oxidation  and  hot  corrosion 
resistance  and  excellent  phase  stability  after  extended  exposure  to  stress 
and  temperature.  Data  are  now  being  generated  from  production  scale  heats 
for  both  cast  and  wroughL  forms. 

The  material  used  lor  this  evaluation  was  Special  Metal  Corporation 
Heat  No,  8-2814.  The  alloy  was  obtained  as  1.875  inch  diameter  bar  with  the 
tol lowing  composition: 


Chemical 

Composition 


Percent 


Carbon 

0.07 

Manganese 

A  i  n 
U,1U 

Silicon 

0,10 

Ch  rotv.ium 

18.0 

Coba i  '■ 

14.8 

1  ton 

0,14 

Molybdenum 

3.10 

Tungs  Mi 

1.47 

Titanium 

4,88 

Aluminum 

2.5] 

boron 

0. 0]  8 

Zirconium 

0.04 

Sul  fur 

0.003 

Nickel 

balance 

Processing  and  Heat  Treating 


Specimens 
shown  i n  Figure  9  . 
as  tol lows: 

were  n 

Heat 

iiachine.i  from  the  bar  in  the  longitudinal  direction  as 
treating,  as  suggested  by  Special  Metals,  was 

U) 

2150 

F  lor 

4  hours,  air  cool. 

(2) 

!  M  7  5 

F  lor 

4  hours,  air  cool. 

(3> 

1330 

F  lor 

24  hours,  air  cool, 

(-'•) 

1.4U0 

!■  lor 

Jf>  hours,  air  cool. 
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T V  s I  Results 


Tension.  Test  results  for  longi Lud  i no  1  specimens  at  room  temperature, 

800  F,  1100  F,  and  1800  F  are  given  In  Table  IX.  Stress-strain  curves  at  temper¬ 
ature  ere  shown  in  Figure  1],  Effect  of  tempera  Lure  cuives  are  shown  in  Figure  12. 

Compression .  Test  results  for  longitudinal  specimens  at  room  temperature, 
800  F,  1200  F,  and  1800  F  at  «  given  in  Table  X.  Stress-strain  and  tangent-modulus 
curves  are  shown  in  Figure  10.  Effect  of  temperature  curves  are  shown  in  Figure  13. 


Shear.  Test  results  are  given  in  Table  XI  for  longitudinal  pin  shear 

specimens . 


lmpac t .  Charpy  test  results  for  longitudinal  specimens  at  room  tempera¬ 
ture  are  given  in  Table  XII, 


Fracture  Toughness.  Slow-bend  fracture  Loughness  tests  were  conducted 
at  room  temperature.  Test  results  are  given  in  Table  XIII.  Since  the  size  ratio, 
2.3  (Kq/TYS)  ,  was  greater  than  both  the  specimen  thickness  and  crack  length  in  all 
testa,  the  Kq  values  me  nut  considered  valid  numbers  by  existing  ASTM  criteria. 


Fatigue.  Axial  load  fatigue  test  results  for  unnotehed  and  notched 
longitudinal  specimens  at  room  temperature,  800  F,  and  1200  F  are  given  in  Tables 
XIV  and  XV.  S-N  curves  are  presented  in  Figures  14  and  13. 


Creep  and  Stress  Rupture.  Test  results  at  1000  F,  1400  F,  and  1800  F 
are  given  i.  ''able  XVI.  Log-stress  versus  log-time  curves  are  presented  in 
Figure  lb. 


Stress  Corrosion.  Tests  were  conducted  as  described  in  the  experimental 
procedures  section  of  this  report.  No  failures  or  cracks  occurred  in  the  1000-hour 
test  duration. 


Thermal  Expansion.  The  coefficient  of  thermal  expansion  for  this  alloy 
is  8.7  x  10^  in, /in.  /F  from  70  F  to  1400  F 


Density .  The  density  of  this  material  Is  0.292  ]b/in.  . 
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TAilLL  I.X. 


tension  ti.st  rfsulis  for  uDiMin  710  fokof.m  bar 


Ultimate  0,2  percent  Floatation  Reduction  Tensile 

Specimen  Tensile  Offset  Yield  in  2  inches,  jn  Area,  Modulus, 

Number  Strength,  ksi  Strength,  Itsi  percent  percent  10''  psi 


Room  Temper at ure 


11, -1 

177,0 

138.0 

7.2 

7.0 

30.9 

1 1,-2 

178,0 

139.0 

7.7 

9,6 

27.9 

1 1,-3 

178.0 

137.0 

6.7 

9.5 

28.9 

800  ]• 

11,-2* 

167,8 

123.2 

7.6 

9.6 

24.3 

11, -‘5 

167.8 

123.1 

7.6 

9.0 

23.9 

1  l.-o 

162.6 

122.2 

7.6 

9.0 

24.2, 

1200  F 

IF-/ 

183.0 

118.5 

16.0 

13.6 

2}  .4 

1L-8 

177.6 

123.1 

13.0 

16.1 

20.3 

1L-9 

191.0 

127.1 

17.0 

14.0 

20.9 

1800  F 

1L-10 

53.4 

38.2 

29.8 

32.  C 

18.6 

l.L-11 

56.5 

35.9 

30.0 

37,0 

20.0 

1L-12 

55.0 

36.9 

30.2 

37.0 

17.9 

TABLE 

X.  COMPRESSION  TEST 
1)1)1  MET  7  LO  FORGED 

RESULTS  FOR 

BAR 

0.2  Percent 

Compression 

Specimen 

Offset  Yield 

Modulus, 

Number 

Strength,  ksi 

10r  psi 

Kooi .  Temperature 

2L-1 

150.0 

30.9 

2L-2 

151.0 

31.0 

2L-3 

148.0 

30.0 

£P-U-i. 

2L-4 

127.0 

26.0 

2L-5 

127.0 

25.0 

2L-6 

127.0 

25.6 

I3flJLF. 

2L-7 

118.0 

23.3 

2L-8 

119.0 

22.1 

2L-9 

118.5 

22.0 

irni 

2L-10 

37.0 

18.6 

2L-11 

38.0 

18.0 

2L-12 

37.0 

18.0 

22 


I 
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TAIAJ.Ii  XU.  IMPACT  TKST  RK  SOLI'S  FOR 
UD1MI5T  710  lORGliD  PAR 


Specimen 

Number 

Knergy 

J7  11. 

J  L  IDS 

101,-1 

29.3 

10L-2 

26.0 

101,-3 

26.0 

101,-4 

25,0 

J.0L-5 

2 /.() 

lOL-b 


33,0 


TAnLi-:  Xlil.  FKACTU Rli  TOUOHNF 

111) IMUT  710  POKCh 


Spec imeu 
Number 

w, 

inches 

a, 

inches 

T, 

inches 

] 

1.500 

.750 

.750 

1.502 

.7o5 

.748 

i 

1.500 

.  749 

.749 

4 

1. 502 

,702 

.749 

(a)  Candidat 

T,  •  2.5 

e  fracture 

(M- 

Lyuglmess 

values , 

25 


ss  Ti.sr  i 

D  liAK 

hhSIJLlS  FOR 

1’. 

1  hs 

Span, 

inches 

i'(£) 

w 

9,250 

4.5 

2 , 66 

80.5 

9,000 

4.5 

2.74 

80.7 

9,400 

4.5 

2 .66 

81.7 

8,400 

4.5 

2.72 

74.8 

are  invalid  as  K  values  since  a. 
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TABLE  XIV.  AXIAL  I.OA  >  FATIGUE  TEST  RESULTS  FOR 
UNNOTCUED  UDIMET  710  FORGED  BAR 


Specimen 

Number 

Maximum 

Stress,  ksi 

Lifetime , 
cycles 

Room  Temperature 

5-4 

135.0 

60,130 

5. -I 

125.0 

86,250 

5-5 

120.0 

147,530 

5-2 

115.0 

164,310 

5-27 

112.5 

274,000 

5-6 

110.0 

435,110 

5-28 

107.5 

1,247,000 

5-3 

105.0 

6,610,600 

5-7 

100.0 

12,282,720<a) 

800  F 

5-17 

110.0 

17,000 

5-16 

100.0 

107,900 

5-13 

95.0 

1 25 , 200 

5-19 

90.0 

82,300 

5-20 

85.0 

173,200 

5-21 

80.0 

197,300 

5-22 

75.0 

838,600 

5-23 

70.0 

977,700 

:  -24 

6j  .  0 

739,500 

5-25 

55.0 

6,488,000 

5-26 

45.0 

16,419,400(a) 

1200  F 

5-9 

120.0 

100 

5  - 10 

100.0 

86,100 

5-11 

95.0 

119,300 

5-12 

90.0 

284,700 

5-13 

85.0 

122,200 

5-14 

80.0 

1,626,200 

5-29 

77.5 

10,489,900<a) 

5-15 

75.0 

10,474,400(a) 

(a)  Did  not  fell. 
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TABLi:  XV. 


AXIAL  LOAD  KATIOUL  TKS'l  LK5U1/1S  LOI!  NOTCH KU 
a' I  -  3.01  DO  I  MKT  710  1-OKOkl)  UAL 


S  pec  iniL'n 

Namin'  r 

Max  inumi 

Sli'l'ss,  ks i 

L  i  1  e  L  i  tne  , 
cycles 

Room  Tempera turo 

5-1 

100.0 

20, 270 

5-2 

00. 0 

29,660 

5-3 

80.0 

51 ,1 70 

5-4 

70.0 

6 ‘’,310 

5-5 

60,0 

114,890 

5-8 

55.0 

132,430 

5-6 

50.0 

366, 160 

5-7 

40.0 

793,110 

3-10 

35.0 

1,791 ,800 

5-9 

30.0 

2,693,800 

5-11 

25.0 

800  F 

1 1 ,458, 100(d' 

5-18 

65.0 

13,700 

5-19 

60.0 

20,600 

5-20 

55.0 

21 ,500 

5-21 

50.0 

73,800 

5-2  2 

45.0 

134,800 

5-23 

40.0 

6,707,000 

5-24 

35.0 

680,100,  . 

5  -25 

30.0 

1 0 , 0 1  3 ' 6  00  ^ d 

5-26 

27.5 

1200  V 

5,577,200 

5-17 

65.0 

5,200 

.3-12 

60.0 

7,600 

5-1  5 

55.0 

9,800 

5-13 

50.0 

4  2, 100 

5-16 

4  5.0 

62,900 

10,321,900'', 

1 0 , 04  3 , 7  00 ' d 

5-27 

42.  5 

5-14 

40.0 

(a)  DiO  not  fail. 
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I CURE  16.  STRESS-RUPTURE  AND  PLASTIC  DEFORMATION  CURVES  FOR  UDINE T  710  FORCED  BAR 


70:)0-T7l'',5(>  Hand  I'o  r  ■■  i  Hi; 


M.t i  r  : .  i )  IV.-n  i  i  p  t  it'ii 


Alloy  70‘n)  is  an  A1 -Xn-Mg-Cu  alloy  developed  by  the  Alcoa  Research 
Labor  a i  .>r i es  supported  by  the  Naval  Air  Systems  Command  and  the  Air  Force 
Materials  Laboratory.  When  beat  treated  and  aged  to  the  -T73  temper,  thick  7050 
plate  and  hand  forgings  exhibit  strengths  equal  to  or  exceeding  those  of  7079-T6XX 
pioducts  combined  with  improved  fracture  toughness  and  a  high  resistance  to 
cxi ol laL i at  inn  and  stress-corrosion  cracking.  The  alloy  differs  from  conventional 
7 XXX  series  aluminum  alloys  in  that  zirconium  is  added  and  chromium  and  manganese 
are  restricted  in  order  to  minimize  quench  sensitivity. 

The  material  used  for  this  evaluation  was  a  5-inch  by  10-inch  by  5-foot 
hand  lorguig  produced  within  the  following  composition  limits: 


Chemical 


Compos i t j on 

Percent 

Copper 

2.0  to  2.8 

Iron 

0. 15  max 

Si licon 

0.12  max 

Manganese 

0. 10  max 

Magnes  ium. 

1.9  to  2.6 

Zi  nc 

5.7  to  6.7 

Chromium 

0.04  max 

Titanium 

0.06  max 

Aluminum 

Balance 

I'rnci  s ■ :  i  1 1 ;■  and  Heat  Treat  i  ng 

The  specimens  weir  tested  in  the  as- received  -T7K56  temper. 
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TesL  Results 


Tension.  Results  of  tests  in  the  longitudinal  and  transverse  direc¬ 
tions  at  room  temperature,  250  F,  350  F,  and  500  F  are  given  in  Table  XVII . 
Short  transverse  tcsLs  were  not  conducted  at  elevated  temperatures. 
Stress-strain  curves  at  temperature  are  presented  in  Figures  18  and  19.  Effect 
of  temperature  curves  are  shown  in  Figure  22. 


Compression.  Results  of  tests  in  both  the  longitudinal  and  transverse 
directions  at  room  temperature,  250  F,  350  F,  and  500  F  are  given  in  Table  XVIII. 
Stress-strain  and  tangent-modulus  curves  at  temperature  are  presented  in  Figures 
20  and  21.  Effect  of  temperature  curves  are  shown  in  Figure  23. 


Shear.  Pin  shear  test  results  for  longitudinal  and  transverse  speci¬ 
mens  at  room  temperature  are  given  in  Table  XIX. 


Impact .  Charpy  test  results  for  longitudinal  and  transverse  specimens 
at  room  temperature  are  given  in  Table  XX. 


Fracture  Toughness.  Results  of  slow  bend  tests  for  longitudinal  and 
transverse  soeclmeiis  are  eiven  in  Tahle  XXI  .  The  transverse  test9  fall  within 
the  size  ratio,  2.5  (Kq/TYS)  ,  and  the  Kq  values  are  considered  valid.  The  longi¬ 
tudinal  tests  do  not  meet  this  requirement  and  are  not  considered  valid  by  existing 
ASTM  criteria. 


Fatigue .  Axial-load  fatigue  te3ts  were  conducted  on  transverse  specimens 
at  room  temperature,  250  F,  and  350  F.  Tabular  test  results  are  given  in  Tables 
XXII  and  XXIII.  S-N  curves  are  shown  in  Figures  24  and  25. 


Creep  and  Stress  Rupture.  Results  of  itansverse  tests  at  250  F,  350  F, 

l  C/1A  T.»  1 _  J  _  rr_L  l  *  vv  tit  1  —  — -  _  »  — _ _  1  *-  J  _  ....  ^  —  —  .. ...  _  ^  i J 

cl  HU  jvv  v  die  gxy  cc  n  j.li  i  au  ic  aaiv  ,  iju^aucoa  vciauo  J- —  c  «.iuc=  cui  ves  aic  ^icdculcu 

in  Figure  26. 


Stress  Corrosion.  Tests  were  conducted  as  described  in  the  experimental 
procedures  section  of  this  report.  No  failures  or  cracks  occurred  in  the  1000- 
hour  test  duration. 


Thermal  Expansion.  The  coefficient  of  thermal  expansion  for  this  alloy 
is  12.8  x  10~6  in. 7 in. /F  for  68  F  to  212  F. 


Density . 


Tile  density  value  for  X705Q  is  0.102 


lb /in . ^ . 
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TABLE  YYli.  TENSION  TEST  RESULTS  l-UR  705U-T7L50  HAND  FURLING 


Specimen 

No. 

U 1 1 ima  L  e 
Tensile 
Strength 
ksi 

0.2  Percent 
Offset  Yield 
,  Strength, 

ksi 

Elongation 
in  2  Inches, 
percent 

Reduction 
in  Area, 
percent 

Tensile 
Modulus , 
10^  psi 

Longitudinal  at 

Room  Temperature 

IL-1 

74-4 

65.7 

15.0 

38.8 

10.2 

1L-2 

73.7 

63.4 

15.0 

38.1 

9.9 

1L-3 

73.2 

62.7 

16.0 

40.6 

9.7 

Transverse  at  Room  Temperatur 

e 

IT-1 

74.0 

64.4 

9.0 

13.0 

9.9 

IT- 2 

69.9 

60.7 

4.5 

5.4 

9.9 

IT-3 

69.4 

61.2 

3.5 

5.1 

9.9 

Short  Transverse  at  Room  Temperature 

1ST-1 

70.4 

56.7 

6.0 

7.0 

9.6 

1ST-2 

71.8 

58.3 

5.5 

6.0 

9.9 

1ST-3 

74.0 

61,7 

7.5 

10.6 

9.8 

Longitudinal  at  250  F 

1L-4 

38.1 

56.5 

14.0 

48,0 

9.5 

1L-5 

36.4 

54,5 

21.0 

52.1 

9.7 

1L-6 

57.4 

55.2 

13.5 

43.6 

9.3 

Transverse  at  250  F 

IT-4 

57.3 

55.7 

22.0 

54.0 

9.4 

IT-5 

39.0 

57.1 

13.0 

31.4 

9.6 

IT-6 

56.0 

52.8 

12.5 

21.2 

9.3 

Longitudinal  at  350  F 

1L-7 

47.4 

46.7 

15.0 

62.7 

8.3 

1L-8 

45.9 

44.8 

17.0 

60.7 

8.3 

1L-9 

48.0 

47.4 

14.0 

62.2 

8.4 
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TABLE  XVIi,  (Continued) 


1 


Specimen 
No . 

UltimaLe 

Tensile 

Strength, 

ksi 

0.2  Percent 
Offset  field 
Strength, 
ksi 

Elongation 
in  2  Inches, 
percent 

Reduction 
in  Area, 
percent 

Tensile 
Modulus , 
106  psi 

Transverse 

at  350  F 

IT- 7 

44.2 

42.8 

18.5 

58.0 

8.9 

IT-8 

45.9 

44.3 

15.0 

44.2 

8.1 

IT-9 

46.4 

44 . 3 

14.5 

37.8 

8.2 

Longitudinal  at  500  F 

1L-10 

18.7 

18.4 

23.0 

72.4 

8.8 

1L-11 

19.9 

19.7 

24,5 

85.5 

7.8 

1L-12 

17.2 

17.0 

38.5 

89.5 

8.3 

Transverse 

at  500  F 

IT-10 

19.7 

18.7 

23.5 

80.2 

7.8 

IT-11 

19.3 

19.0 

27.0 

84.6 

8.3 

IT-12 

19.2 

18.5 

25.0 

77.6 

7.6 
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I  ABLE  XVII  1. 


COMPRESSION  TliST  RESULTS  l  -  »K  7O50-T7K56  HAND  FORGING 


Spec ime n 
No. 

0.2  Percent  Compressive 

Offset  Yield  Strength,  Modulus, 

ksi  10^  psi 

Longitudinal  at  Room  Temperature 

21.-1 

69.4 

10.5 

21  -2 

71.4 

10.9 

2L-3 

64.8 

10.7 

Transverse  at  Room  Temperature 

2T-1 

65.3 

12.2 

2T-2 

66.3 

11.0 

2T-3 

65.3 

11.0 

Longitudinal  at  250  F 

2L-4 

o0.7 

9.9 

2L-5 

62.3 

10.1 

21.-6 

60.9 

9.8 

Transverse  at  250  F 

2T-4 

57.6 

9.3 

2T-5 

59.3 

9.9 

2T-6 

59.8 

9.8 

Longitudinal  at  350  F 

2L-7 

51.2 

9.3 

2L-8 

50.0 

9.1 

2L-9 

50.1 

9.2 

Transverse  at  350  F 

2T-7 

49.4 

9.0 

2T-8 

49.6 

9.4 

2T-9 

49.6 

8.9 
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XABLfc.  XVI11,  (Continued) 


u.2  Percent 

Specin.en  Offset  Yield  Strength, 
No.  ksi 


Compressive 
Modulus , 
106  psi 


Longitudinal  at  500 _F 


2L-10  20.7  7.6 
27.-11  21.5  6.7 
2L-12  21.5  7.5 

Transverse  at  5QQ  F 

2T-.10  20.8  6.6 
2T-11  21.5  6.6 
2T-12  22.2  7.9 
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TABLE  XIX 


SHEAR  TEST  RESULTS  l-'OK  7050-T7E56 
HAND  FORGING  AT  ROOM  TEMPERATURE 


Specimen 

llltir.'.afc  Shear 

Number 

Strength;  ksi 

Longi  Lud  inal 


4L-1 

41.3 

4L-2 

42.3 

4L-3 

44 . 6 

4L-4 

r  v  tins  vo  its  c 

43 . 6 

4T-1 

40.5 

4T-2 

40.0 

4T-3 

42.8 

4T-4 

43.1 
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TABLE  XX. 

IMPACT  TEST  RESULTS 
FOR  7050-T7E56 

HAND  FORGING  AT 

ROOM  TEMPERATURE 

Specimen 

No. 

Energy, 

ft-lb 

Longitudinal 

10L-1 

15.0 

10L-2 

7.0 

10L-3 

13.5 

10L-4 

8.0 

10L-5 

10.0 

10L-6 

14.5 

10T-1 

-1  n^r  O 
1VA-4 

10T-3 

10T-4 

10T-5 

10T-6 


2.0 

2.0 

2.0 

2.0 

2.0 

2.5 


Transverse 


t'Ai.I.E  XX  I  i  . 


AXIAL  LOAD  FATIGUE  TEST  RESULTS  FOR  UNNOTCHEU 
7050-T7E56  HAND  FORGING  (TRmNSVKRSK) 


Spoc  i oil'll 

Nu  iii  Her 

Maximum 

Stress,  ksi 

L.  i  ie  t  inu- 
i  y dcs 

Doom  Temperature 

5-2 

55.0 

30,800 

5-23 

52.5 

200 

5-1 

50.0 

39,630 

5-3 

45.0 

80,380 

5-21 

42.5 

11,500 

5-4 

40.0 

248,480 

5-22 

37.5 

258,000 

5-5 

35.0 

393.210 

5-24 

32.5 

406,000 

5-6 

30.0 

12,465,500 

250  K 

5-7 

55.0 

100 

5-8 

50.0 

117 

5-12 

40.0 

20,600 

5-9 

35.0 

36,590 

5-10 

30,0 

76,480 

5-11 

25.0 

2,725,100 

5-26 

22.5 

10,137,580 

5-13 

20.0 

11,369,800 

OCA  n 

jju  r 

5-14 

40.0 

100 

5-20 

40.0 

10,1.00 

5-17 

35.0 

16,650 

5-15 

30.0 

50,670 

5-16 

25.0 

122,250 

5-18 

20.0 

121,930 

5-25 

17.5 

20,713,500 

5-19 

15.0 

10,167,600 

(a) 


(a » 
(a) 


(a'/ 

(a) 


(  al  Did  not  tail. 


'lAM.E  mil.  AXiAT  1.UAD  FATIGUE  TEST  RESULTS  KOK  NOTCHED  (K  = 
3,0)  /05U-1 7E56  II ''NO  FORGINC  (TRANSVERSE)  L 


Spot imcn 

Maxi  .mam 

1,1  If  t  ime  , 

Number 

Stress,  kai 

cycles 

Room  Tt  tr.perature 

5-1 

35.0 

15,120 

5-2 

30.0 

22,380 

5-3 

25 . 0 

36,300 

5-21 

2.2.5 

57,500 

5-4 

20.0 

170,130 

5-20 

17.5 

195,100 

5-5 

5-22 

15.0 

12.5 

553,750  . 
12,753,700 * 
10, 781, 080 

5-6 

10.0 

250  F 

5-8 

30.0 

19,060 

5-23 

27.5 

214,800 

5-7 

'>5.0 

183,550 

5-24 

22.5 

214,800 

5-9 

20.0 

272,550 

3-1 1 

1  /.s 

191,680 

5-10 

5-12 

15.0 

13.5 

788,020, 
10,622, 140 

3  50  F 

5-13 

.30.0 

10,86,) 

5-14 

25.0 

39,200 

5-13 

22.5 

29,460 

5-16 

20.0 

72,910 

5-17 

17.5 

267 , 530 

5 -1C 

15.0 

160,430 

5-25 

13.0 

1,161,700 
12,207,520v  ' 

5-19 

13.5 

(a)  Mid  not  tail. 
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FIGURE  18.  TYPICAL  TENSILE  STRESS-STRAIN  CURVES  FOR 
7050-T7E56  HAND  FORGING  (LONGITUDINAL) 


Strain,  in. /in. 


FIGURE  19.  TYPICAL  TENSILE  STRESS-STRAIN  CURVES  FOR 
7050-T7E56  HAND  FORGING  (TRANSVERSE) 


Stress,  ksi 


i _ i _ i _ i _ i _ i _ i 

0  2  4  6  8  10  12 

Tangent  Modulus,  I06  psi  A-1413 


FIGURE  20.  TYPICAL  COMPRESSIVE  STRESS-STRAIN  AND  TANGENT  MODULUS 
CURVES  FOR  7050-T7E56  HAND  FORCING  (LONGITUDINAL) 
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FIGURE  26.  STRESS-RUPTURE  AND  PLASTIC  DEFORMATION  CURVES  FOR  7050-T7E56  HAND  FORGING 

(TRANSVERSE) 


221 4 - 135 1  PlaLe  (AJeoa  41’.'  Process ) 


Material  Descrj  pt ion 


Alloy  2214  is  a  high-purity  version  of  2014  with  closer  controls  on 
iron  and  silicon  (Alcoa  417  process).  The  Alcoa  417  process,  which  utilizes 
only  hot:  rolling  and  special  controls  during  all  stages  of  fabrication,  is  a 
more  economic  means  for  achieving  the  required  properties  without  adversely 
influencing  the  overall  engineering  characteristics  of  the  material.  The 
material  used  in  this  evaluation  v<as  obtained  from  Alcoa  as  a  2-1/4-inch-thick 
plate  within  the  following  composition  limits: 


Chemical 
Compos! tlon 

Si licon 

Iron 

Copper 

Manganese 

Magnesium 

Chromium 

Zinc 

Titanium 

Others 

A  1 _ J - 

ai.uui.umii 


Per cun L 

0.50  to  1.2 
0 . 3  max 
3.9  to  5.0 
0.40  to  1.2 
0.20  to  0.*0 
0. 10  max 
0.25  max. 
0.15 

0. 15  max 
Balance 


Proce s sing  and  Heat  Treating 


The  specimen  layout  for  2214  is  shown  in  Figure  27.  Specimens  were 
tested  in  the  as-received  -T351  temper. 

Tea L  Results 


Tension.  Results  of  longitudinal  and  transverse  tests  at  room  temper¬ 
ature,  /5U  F,  350  F,  and  500  F  are  given  in  Table  XXV.  Stress-strain  curves  at 
tempera  Lure  are  presented  in  Figures  28  and  29.  Effect  of  temperature  curves  are 
.-m.wn  in  Figure  32. 


FIGURE  27.  SPECIMEN  LAYOUT  FOR  2214-T351  PLATE 


Comp 1 css ion .  Results  of  longiiudinal  and  transverse 
: emperai urc .  250  F,  350  K,  and  500  F  are  given  in  Table  XXVI. 
tangent  modulus  curves  at  t empora Lure  are  presented  in  Figures 
o'  temperature  curves  are  shown  in  Figure  33. 


Lests  at  room 
Stress-sLrain  ar.d 
30  and  31.  Effect 


Shear .  Pin  shear  Lest  results  for  longitudinal  and  transverse  speci¬ 
mens  ut  room  temperature  are  given  in  Table  XXVII, 


impact.  Charpy  test  results  for  longitudinal  and  transverse  specimens 
are  gi  ven  ill  Table  XXV 1 1 1 . 


Fracture  Toughness.  Slow  bend  tests  were  conducted  on  longitudinal  and 
transverse  specimens  at  roo  ;  temperature.  The  size  ratio,  2,5  (Kq/TYS)  ,  was 
greater  titan  both  the  specimen  thickness  and  crack  length  in  all  tests;  therefore, 
the  Kg  values  g  Lven  in  the  table  are  not  consider  ed  valid  K^.  values  by  existing 
ASTM  criteria.  These  data  are  shown  in  Table  XXIX. 


Fatigue.  Axial-ioad  fatigue  test  results  for  transverse  specimens,  both 
unnoLched  and  notched,  at  room  temperature,  250  F,  and  350  F  are  given  in  Tables 
XXX  and  XXXI.  S-N  curves  are  presented  in  Figures  34  end  35. 

Creep  and  Stress  Rupture.  Results  of  Lransverse  specimen  Lests  at 
250  F,  350  F,  and  500  F  are  given  in  Table  XXX11.  l.og-stress  versus  log-time  curves 
are  presented  in  Figure  36. 


Stress  Corrosion.  Tests  were  conducted  as  described  in  the  experimental 
procedures  section  of  this  report.  No  failures  or  cracks  occurred  in  the  1000- 
hour  test  duration. 


Thermal  Expansion.  The  coefficient  ot  thermal  expansion  for  this  alloy 
is  13.5  x  TiT*  Tn Tn^Tfi-  for  68  F  to  500  F. 


bens i  y.  The  density  of  this  material  is  0.101  lb/in. 
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TABLE  XXV.  TENSION  TEST  RESULTS  FOR  2214-T351  ELATE 


Specimen 

No . 

U1 tlmate 
Tensi Le 
Strength, 
ksi 

0.2  Percent 
Offset  Yield 
Strength, 
ksi 

El ongat ion 
in  2  Inches , 
percent. 

Reduction 
in  Area , 
percent 

Tensile 

Modulus 

psi 

Longitudinal  at  Room  Temperature 

1L-1 

65.2 

46.9 

24.0 

34.7 

10.4 

1L-2 

64.7 

46.5 

2<*  .0 

35.7 

10.5 

1L-3 

64.9 

46.9 

23.5 

32.1 

10.5 

Transverse  at  Room  Temperature 

IT- 1 

66.0 

42.3 

20.5 

28.5 

10.5 

IT-2 

65.9 

43.5 

20.5 

27.7 

10.7 

IT- 3 

66.0 

42.3 

22.0 

26.7 

10,4 

T  nnn  i  furl '!  rii-.  7 
— 

at  250  F 

1L-4 

56.0 

42.0 

20.0 

34.0 

10.0 

1L-5 

56.0 

41.7 

24.0 

48.0 

9.8 

1L-6 

56.4 

41.6 

23.0 

37.0 

9.8 

Transverse 

at  250  F 

IT-4 

57.0 

39.2 

28.5 

31.4 

9.7 

IT-5 

56.4 

38.2 

21.0 

34.5 

9.6 

IT-6 

56.2 

37.9 

22.0 

34.7 

10.0 

Longitudinal  at  350  F 

1L-7 

52.0 

38.0 

24.0 

62.7 

9.6 

1L-8 

51.0 

36.9 

23.5 

60  0 

9,3 

1L-9 

52.0 

38.0 

25.0 

60.0 

9.. 

Transverse 

at  350  F 

IT- 7 

53.0 

36  .0 

20.0 

44.0 

8.9 

IT- a 

53.0 

36.0 

21  .0 

37.8 

9.7 

IT-9 

53.5 

35.6 

22.0 

44.0 

8.7 

57 


TABLE  XXV,  (Continued ) 


Ultimate 

Tensile 

Specimen  Strength, 
Mo.  ksi 


0.2  Percent 
Offset  Yield 
Strength , 
ksi 


El ongaLion 
in  2  Inches, 
pel  cent 


Reduc  t ion 
in  Area, 
percent 


Tensile 
Modulus , 
IQ6  psi 


Longitudinal  at  500  F 


IL-iO 

26.0 

20.0 

26.0 

72.4 

8.0 

1L-11 

26.0 

20.0 

22.0 

70.0 

8.0 

<N 

26.4 

19.0 

27.0 

72.0 

8.1 

Transverse  at 

500  F 

IT- 10 

27.0 

19.0 

20.4 

65.0 

7.6 

IT-11 

26.4 

18.7 

20.0 

68.0 

8.2 

IT- 12 

27.0 

17.6 

24.0 

60.0 

8.0 
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TABLE  XXV L. 


COMPRESSION  TEST  RESULTS 
FOR  2214-1  35  1  PLATE 


0.2  FercenL 

Speeimen  Offset  Yield  Strength, 
No .  ksi 


Compressive 


Modul us , 
106  psi 


Longitudinal  at  Room  Temp erature 


2L-1  38.3  9.6 
2L-2  37.4  11.3 
2L-3  37.5  11.2 

Transverse  at  Room  Temperature 

2T-1  44.2  11.2 
2T-2  44.9  10.3 
2T-3  44.8  10.0 

Longitudinal  at  250  F 

2L-4  35.6  9.6 
2L-5  35.4  10.0 
2L-6  35.7  10.1 

Transverse  at  250  F 

2T-4  40.0  10.1 
2T-5  40.6  10.1 
2T-6  39.2  9.8 

Lougitudir.al  at  350  F 

2L-7  32.0  8.9 
2L-8  31.7  9.6 
2L-9  32.0  8.6 

Tran  averse  at  350  F 

2T-7  36.0  8.7 
2T-8  35.0  9.0 
2T-9  35.0  8.6 
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TABLE  XXVI.  (Continued) 


0.2  Percent  Compressive 

Specimen  Offset  Yield  Strength,  Modulus, 

No.  ksi  psi 


LongitudinaJ  al  500  F 


2L-10  25.0  7.1 

2L-11  24.2  7.1 

2L-12  26.0  7.0 

Transverse  at  500  F 
2T-10  25.6 

2T-.L1  26.0  7.1 

2T-12  24.9  7.1 
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TABLE  XXVI L .  SHEAR  TEST  RESULTS  FOR 
2214-T351  PLATE 


Specimen 

Number 

Ultimate  Shear 
Strength,  ksi 

Longitudinal 

4L-i 

39.0 

4L-2 

38,8 

41, -3 

41.1 

41.  -4 

41.2 

Transverse 

4T-1 

38,7 

4T-2 

32.6 

4T-3 

38.6 

4T-4 

37.8 

oi 


TABLE  XXVI] I.  IMPACT  TEST  RESULTS 
FOR  2214-T351  PLATE 


Specimen 

No. 


Energy , 
ft-]b 


Longitudinal 


10L-1 

10L-2 

10L-3 

10L-4 


5.0 

6.0 

5.5 

4.0 


Transverse 


10T-1 

10T-2 

10T-3 

10T-4 


2.0 

1.5 

1.5 

2.5 


02 


TABLE  XXIX.  FRACTURE  TOUGHNESS  TEST  RESULTS  FOR  2214-T351  PLATE 


Specimen 

Number 

W, 

i nches 

a, 

inches 

T, 

inches 

P, 

lbs 

Span , 
inches 

fi'-l 

w 

V* 

Transverse 

2T 

1.500 

.877 

.  750 

3,200 

6 

3.57 

49.7 

3  r 

1.500 

.906 

.750 

3 , 600 

b 

3.8 

bO.  1 

4T 

1.500 

.866 

.750 

3,400 

6 

3.4 

51.4 

IT 

1.501 

.845 

.  750 

2,950 

6 

3.29 

42.3 

Longitudinal 

bL 

1 .501 

.880 

.  750 

3,100 

6 

3.59 

48.4 

5L 

1.501 

.862 

.751 

3,100 

6 

3  4 

4b.  2 

7L 

1.500 

.819 

.750 

2,950 

6 

3.1 

39.9 

81. 

1.500 

.855 

,  750 

3,100 

6 

3.38 

45.6 

(a)  Candidate  fracture 

toughness 

values,  K^,  are  invalid 

as  Kt 

1c 

values  since 

a,  T , 

table  xxx. 


AXIAL  LOAD  FATIGUE  TEST  RESULTS  FOR 
UNNOTCHED  2214-T351  PLATE  (TRANSVERSE ) 


Specimen 

Maximum 

Lifetime , 

Number 

Stress,  ksi 

cycles 

Room  Temperature 

5-2 

70.0 

(a) 

5-4 

60.0 

12,210 

5-3 

55.0 

39,870 

5-1 

50.0 

67,850 

5-23 

47.5 

147,100 

5-5 

45.0 

301,330 

5-6 

40,0 

4,042,880 

13 ,  127 ,90o'b ' 

5-7 

35.0 

250  F 

5-9 

50.0 

14,800 

5-8 

45.0 

52,700 

5-10 

40.0 

95,800 

5-1L 

35.0 

230,400 

5-12 

30.0 

22i, 400(b) 
10,475,800^  ; 

5-13 

25.0 

350  F 

5-19 

47.5 

(a) 

5-15 

45.0 

74,860 

5-16 

40.0 

63,350 

5-20 

37.5 

82,650 

5-17 

35.0 

146,790 
11,717,600''  ; 

5-18 

30.0 

(a)  Failed  on  loading. 


< b )  Did  not  fail. 
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TABLE  XXXI.  AXIAL-LOAD  FATIGUE  TEST  RESULT.!  FOR  NOTCHED 
(K(  =  3,0)  2214-T351  PLATE  (TRANSVERSE) 


Spec  imcin 

Maximum 

Li  Co l ime  , 

Ntnnbc  r 

Stress,  Rsi 

cycles 

Room  Tempura turc 

5-1 

35.0 

15,440 

5-5 

30.0 

46,150 

5-27 

27.5 

49,400 

5-2 

25.0 

99,020 

5-6 

22.5 

80,280 

5-3 

20.0 

264,900 

5-7 

17.5 

243,760 

5-28 

5-4 

17.5 

15.0 

1,472,300 
10„750,000v  ; 

250  F 

5-17 

35.0 

33,000 

5-18 

30. C 

35,850 

5-19 

25.0 

59,230 

5-20 

22.5 

82,440 

5-21 

20.0 

124,730 

5-22 

17.5 

98,450 

5-23 

15.0 

429,900 

5-24 

13.5 

592,100 

5-25 

13.5 

3, 795, 900 
10,390,  no13' 

5-26 

11,0 

33U  F 

5-13 

35.0 

13,680 

5-1 1 

30.0 

37,530 

5-8 

30.0 

162,990 

5-9 

25.0 

109,840 

3-12 

22.5 

100,530 

5-10 

20.  0 

161,270 

5-14 

17.5 

97,870 

5-1  5 

15.0 

431,450 
10,638, 300 w 

5-16 

13.5 

(  a )  Diti  hi  >t  1  ai  1  . 
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Strain ,  ksi 


50 


Longitudinal 


NS  ILK  S'!  RKSS-S  i'l!AI  \'  01  K'.’KS 
'351  PLATE  (LONGITUDINAL) 


6  / 


F  K.l’Rli  28.  TYPICAL  I'K 
FOR  2214-T 


•02 


Compressive  Strength,  ksi  £?  Elongation,  percent  Tensile  Strength,  ksi 


Modulus  (Ec),  10  psi  j>  Modulus J IE  ),  I06psi 


Maximum  Stress,  ksi  Maximum  Stress,  ksi 


Ti-uAl. -4V  Diffusion  bonded  Component:  (DbHT) 


Material  Pest,  r  i  pti.on 

The  material  lor  this  evaluation  was  supplied  by  the  Air  Force  Materials 
Laboratory  and  consisted  of  pieces  sectioned  from  a  helicopter  rotor  hub.  The 
rotor  hub  had  been  formed  by  diffusion  bonding  of  1/2-inch-thick  Ti-6A1-4V  plate. 
The  evaluation  material  consisted  of  sections  cf  the  hub  and  lug  ends. 

Processing  and  Heat  Treating 

No  specimen  lay  out  is  shown  since  the  sections  were  quite  complicated 
and  it  was  necessary  to  cut  specimens  from  wherever  the  section  thickness  allowed. 
Where  possible,  the  bond  line  of  the  plates  was  perpendicular  to  the  specimen 
axis.  No  heat  treating  was  done  since  material  was  received  in  diffusion  bonded 
heat  treated  (DBHT)  condition. 

To st  Results 

Tension.  Test  results  for  transverse  specimens  at  room  temperature, 

400  I’,  700  F ,  and  900  F  are  given  in  Table  XXXIII.  Stress-strain  curves  are 
shown  in  Figure  37.  Affect  of  temperature  curves  are  presented  in  Figure  39. 

Compression.  Test:  results  for  transverse  specimens  are  given  in 
Table  X-AXl^  for  room  temperature,  400  F,  700  F,  and  900  F,  Stress-strain  and 
tangent  modulus  curves  are  presented  in  Figure  38.  Effect-of-temperat  ’re  curves 
are  shown  in  Figure  40. 

Shear.  Pin  shear  test  results  for  longitudinal  and  transverse  speci¬ 
mens  at  room  temperature  are  given  in  Tab^e  XXXV. 

Impact .  Impact  Lest  results  are  given  in  Table  XXXVI  for  longitudinal 
and  transverse  specimens. 

Frac cure  Toughnes s .  Thu  material  was  not  of  sufficient  size  or  quantity 
for  these  tests. 

Fatigue .  Axial-load  test  results  tor  transverse  specimens  at  room 
temperature,  400  F,  and  700  F  are  given  in  Tables  XXXV11  and  XXXV11I.  S-N 
curves  are  presented  in  Figures  41  and  42. 
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Test  results  lor  longitudinal  specimens 
are  presented  in  Table  XXXIX.  Log-stress  versus  log-time  curves  are  presented 
in  Figure  43  for  300  F,  700  F,  arid  900  F . 

Stress  Corrosion.  Tests  were  conducted  as  described  iu  the  experi¬ 
mental  procedures  sec  Lion  of  this  report.  No  failures  or  cracks  occurred  in 
the  1000-hour  test  duration. 


Thermal  Expansion.  The  coefficient  of  expansion  for  Ti-6A1-4V  is 
5.7  x  1.0"6'  in. /in. /F  for  68  F  to  900  F. 

3 

Density .  The  density  of  this  alloy  is  0.160  Ib/in.  . 
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TABLE  XXX111.  TENSILE  TEST  RESULTS  FOR  'J  1-6A1-4V 
DIFFUSION  BONDED  COMPONENT  (DHHT) 
(TRANSVERSE) 


Specimen 

No. 

Ultimate 

Tensile 

Strength, 

ksi 

0.2  Percent 
Offset  Yield 
Strength, 
ksi 

Elongation 
in  2  Inches, 
percent 

Tensile 
Modulus 
IQ6  psi 

Room  Temperature 

IT-1 

15  3.0 

143.0 

11.5 

15.8 

IT- 2 

151  .0 

142.0 

10.0 

16.0 

IT- 3 

150.0 

145.0 

12.0 

16.0 

400  F 

IT- 4 

125.0 

107.0 

12.0 

14.5 

IT- 5 

124.0 

112.0 

11  .5 

14.8 

IT- 6 

121.0 

109.0 

12.0 

14.1 

700  F 

IT- 7 

106.0 

90.2 

8.5 

13.0 

IT-8 

107.0 

87.4 

9.5 

12.6 

IT-9 

108.0 

88.5 

6.5 

12.0 

900  F 

IT -10 

95.0 

81.3 

14.0 

11.0 

IT-11 

93.2 

79.9 

18.5 

11.1 

IT-12 

95 . 1 

81.3 

18.5 

10.9 

TABLE 


Specimen 
No . 


2T-1 
2T-2 
21- 3 


2T-4 

2T-5 

2T-6 


2T-7 

2T-3 

2T-9 


2T-10 

2T-U 

2T-12 


XXXIV.  COMPRESSION  TEST  RESULTS  FOR 
Ti-6A1-4V  DIFFUSION  BONDED 
COMPONENT  (.UUHT)  (TRANSVERSE) 


0.2  Percent 
Offset  Yield  Strength 
ksi 


Compressive 
Modulus , 
106  psi 


Room  Temperature 

144.0 

147.0 

148.0 


400  F 


111.0 

111.0 

112.0 


7QQ  f 

99.1 

95.6 

96.5 


900  V 


96,4 

87.0 

85.0 


17.7 

18.1 

17.9 


16.7 

16.6 

16.5 


14.7 
16.0 

15.7 


14.7 

14.3 

14.6 


% 


I 
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TABLE  XXXV.  SHEAR  TEST  RESULTS  FOR 
Ti-6Al-4V  DIFFUSION 
BONDED  COMPONENT  (IMIIT) 


Sp  imen 
No. 


U  It  imaLti 
Shear  Strength, 
ksi 


4L-1 

4L-2 

4L-3 


Longitudi.iial 

91.0 

92.7 

93.7 


Transverse 


TABLE  XXXVI.  IMPACT  TEST  RESULTS 
FOR  TT-6A1-4V  DBC 
(lilMI'l ) 


Spec imen 
No . 


Energy 

fl-lb 


10L-1 

10L-2 

10L-3 

10L-4 


11.0 

13.0 

17.0 

16.0 


10T-1 

10T-2 

10T-3 

10T-4 


15.0 

16.0 

10.0 

12.0 


Transverse 


TABLE  XXXVI 1.  AXIAL  LOAD  FATIGUE  RESULTS 
FOR  UNNOTCHED  Ti-6A1-4V  DBC 
(DBHT)  (TRANSVERSE) 


Specimen 

No. 

Maximum  Stress, 
ksi 

Lifetime , 
eye ] os 

Room  Temperature 

5-1 

120.0 

2,800 

5-2 

XiO.O 

282,100 

5-3 

100,0 

87,000 

5-4 

90.0 

94,660 

5-5 

80.0 

492,500 

5-6 

70.0 

1,478,000 

5-7 

60.0 

9,038,000 

400  F 

5-S 

120.0 

40 

5-8 

115.0 

400 

5-10 

110.0 

11,800 

5-11 

100.0 

35 I 300 

5-12 

90.0 

86,700 

5-13 

80.0 

1,059,100 

5-14 

70.0 

1,559,000 

5-15 

60.0 

6,002,900,  . 
10,000,000^  ' 

5-16 

50.0 

700  F 

5-1.7 

100.0 

100 

G_1  0 

r\r>  s\ 

7U.  V 

14,560 

5-19 

80.0 

359,200 

5-20 

70.0 

347,001' 

5-21 

60,0 

1,180,30,) 
10,864,000  J 

5-22 

50.0 

(a)  Did  not  fail. 
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TABLE  XXXVIII.  AXIAL  LOAD  FATIGUE  RESULTS  FOR 

NOTCHED  (Kt  =  3.0)  TI-6A1-4V  DBC 
(DBHT )  (TRANSVERSE) 


Specimen 

Maximum  Stress, 

Lifetime, 

No . 

ksi 

cycles 

Room  Temperature 


5-23 

100.0 

2,900 

5-24 

90.0 

8,500 

5-25 

80.0 

15,000 

5-26 

70.0 

22,500 

5-27 

£0.0 

75,100 

5-28 

50.0 

132, 000 
10,420,560V  ' 

5-29 

40.0 

400  F 

5-30 

100.0 

2,400 

5-31 

90.0 

3,800 

5-32 

80.0 

8,700 

5-33 

70. 0 

13 ,800 

5-34 

60.0 

18,500 

3-35 

50.0 

55,900 

5-36 

40.0 

250,600, 

12,609,000u; 

5-37 

30.0 

700  F 

5-38 

100.0 

2,100 

5-39 

90.0 

3.500 

p-40 

80.0 

6,400 

5-41 

70 . 0 

6,900 

5-42 

60.0 

12,500 

5-43 

50.0 

76,200 

5-44 

40.0 

860,700, 
10,277,000^  ' 

5-45 

30.0 

(a)  Did  not  fail. 
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TABLE  XXXIX.  SUMMARY  CREEP  AMD  RUPTURE  DATA  FOR  Ti-6A1-4V  DBC  fDBHT)  (LOXGITuDIXA 
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'Test  discontinued. 
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FIGURE  37. 
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1YMCAL  TENS  ILK  STRESS-STRAIN  CURVES  FOR 
Ti-6A1-4V  DfiC  (DBI1T)  (TRANSVERSE) 
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ile  Strength,  ksi 


.VIoduius(E),  I06 psi 


Maximum  Stress,  ksi  Maximum  Stress,  ksi 


FIGURE  *U.  AXIAL  LOAD  FATIGUE  RESULTS  FOR 
UN NOTCH ED  Ti-fcAl -4V  DSC  (DI5IIT', 


FIGURE  42.  AXIAL-LOAD  FATIGUE  RESULTS  FOR  NOTCHF.I) 
(Kt-  3.0)  Ti  -6A 1  -4  V  DISC  IDI'.iin 
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FIGURE  43.  STRESS -RUPTURE  AND  PLASTIC  DEFORMATION  CURVES  rf-fiAl-4V  DSC  (DRIFT) 
(LONGITUDINAL) 


discussion  or  prockam  kesijlfs 


The  tendency  in  an  evaluation  pLoi;: am  ol  this  type  is  to  compare  the 
materials  property  information  obtained  with  similar  data  on  materials  already  in 
use.  Whether  such  a  comparison  should  be  the  deciding  factor  lor  interest  in  a 
newer  alloy  is  open  to  question.  Many  criteria  such  as  forming  characteristics, 
weldability,  oxidation  resistance,  etc,,  can  he  of  particular  importance  so  that 
strength  properties  may  become  secondary.  However,  since  first  comparisons  are 
usually  made  on  the  basis  oi  mechanical  strength  (tensile  ultimate  and  tensile 
vicld)  the  data  generated  on  this  program  are  compared  to  information  for  similar 
alloys.  Figures  44  and  45  are  effect  of  temperature  curves  concerned  with  these 
proper t ies . 


CONCLUSIONS 


The  objective  of  this  program  was  the  generation  of  useful  engineering 
data  :  or  newly  developed  materials.  During  the  contract  term  the  following  mate¬ 
rials  were  evaluated: 

(1)  17-4  PH  t»900)  ESR  Bar 

1 2  >  lidimet  710  Forged  Bar 

(3)  X7050- T7E56  Hand  Forging 

(4)  2214-T35 1  fAlcoa  417  Frocess)  Plate 

I  >)  Ti-6A1-4V  (OB ITT )  Diffusion  Bonded  Component. 

/,  data  sheet  was  issued  for  each  material.  As  a  summary,  each  of  the 
data  ?  ects  is  reproduced  in  Appendix  111. 
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(H900)  ESR 
'Mo  (THIG50) 


appendix  I 


EX  PE  R 1MENTAL  PROCE  PU  liE 


APPENDIX  T 


EXPERIMENTAL  PKOUilHlRK 


Mechanical  Properties 

The  various  mechanical  properties  of  interest  for  each  of  the  mate¬ 
rials  are  as  follows: 

(1)  Tension 

(a)  Tensile  ultimate  strength,  TUS 

(b)  Tensile  yield  strength,  TYS 

(c)  Elongation,  et 

(d)  Reduction  in  area,  RA 

(e)  Modulus  of  elasticity,  E^. 

(2)  Compression 

(a)  Compressive  yield  strength,  CYS 

(b)  Modulus  of  elasticity,  Ec> 

(3)  Creep  and  stress -rupture 

(a)  Stress  for  0,2  or  0,5  percent  deformation  in  100 
hours  and  1000  hours 

(b)  Stress  for  rupture  in  100  hours  tad  1000  hours. 

(4)  Shear 

(a)  Shear  ultimate  strength,  SUS 

(5)  Axial  fatigue* 

(a)  Unnotched,  R  ■  0.1,  lifetime:  103  through  107 
eye les 


*  "K"  represents  t lie  algebraic  ratio  of  the  minimum  stress  to  the  maximum  stress 

in  one  cycle;  that  is,  K  =  S  -n/Smax.  ”K  "  represents  the  Neuber-Peterson 
theoretical  stress  concentration  factor. 
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(6) 

(7) 

(8) 
(9) 


(b)  Notched  (K£  -  3.0),  R  -  0.1,  lifetime:  103  through 
107  cycles. 

Fracture  toughness,  K^c  or 
Stress  corrosion 

(a)  80  percent  TYS  for  1000  hours  maximum,  3-1/2  percent 

NaCl  solution. 

Thermal  expansion. 

Bend 


(a)  Minimum  radius. 

(10)  Impact 

(a)  Charpy  V-notch. 

(11)  Density. 


Specimen  Identification 


A  simple  system  of  numbers  and  letters  was  used  for  specimen  identifi¬ 
cation.  Coding  consisted  of  a  number  indicating  the  type  of  test  and  also  indi¬ 
cating  a  comparable  area  on  the  sheet,  plate,  or  forging.  For  certain  test 
types,  the  number  was  followed  by  a  letter  signifying  specimen  orientation  (L 
for  longitudinal,  T  for  transverse,  ST  for  short  transverse).  The  test  types 
where  the  letter  did  not  appear  were  creep,  fatigue,  and  bend  since,  in  these 
cases,  only  one  specimen  orientation  was  used.  The  next  number  in  the  coding 
specifies  the  location  from  which  the  specimen  blank  was  taken  from  the  original 
material  configuration.  Coding  was  as  follows: 


Assigned 

Number  Test  Type _ 

1  Tension 

2  Compression 

3  Creep  and  stress-rupture 

4  Shear 

5  Fatigue 

6  Fracture  toughness 
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Ass igned 
Number 


Test  Tvpo _ 

7  Stress  corrosion 

8  Thermal  expansion 

9  Bend 

10  Impact 

11  Density 


As  an  example,  a  specimen  numbered  2-T5  is  a  compression  specimen,  transverse 
orientation,  cut  from  Location  5.  AI30,  a  specimen  numbered  5-12  is  a  fatigue 

specimen  cut  from  Location  12. 


Test  Description 


Tension 


Procedures  used  for  tension  testing  are  those  recommended  in  ASTM 
methods  E8-68  and  E21-66T  as  well  as  in  Federal  Test  Method  standard  No.  151a 
(method  211.1).  Six  specimens  (three  longitudinal  and  three  transverse)  were 
tested  at  each  temperature  to  determine  ultimate  tensile  strength,  0.2  percent 
offset  yield  strength,  elongation,  and  reduction  in  area.  The  modulus  of 
elasticity  was  obtained  from  load-strain  curves  plotted  by  an  autographic 
recorder  during  each  test. 

All  tensile  tests  were  carried  out  in  Baldwin  Universal  testing 
machines.  These  machines  are  calibrated  at  frequent  Intervals  in  accordance 
with  ASTM  method  E4-64  to  assure  loading  accuracy  within  0.2  percent.  The 
machines  are  equipped  with  integral  automatic  strain  pacers  and  autographic 
strain  recorders. 

Specimens  tested  at  elevated  temperatures  were  heated  in  standard 
wire-wound  resistance-type  furnaces.  Each  furnace  was  equipped  with  a  Foxboro 
controller  capable  of  maintaining  the  test  temperature  to  within  5  F  of  the  con¬ 
trol  temperature  over  a  2-inch  gage  length.  Chrome 1-Aluroel  thermocouples 
attached  to  the  specimen  gage  section  were  used  to  monitor  temperatures.  Each 
specimen  was  soaked  at  temperature  at  least  20  minutes  before  being  tested. 

An  averaging-type  linear  differential  transformer  extensometer  was 
used  to  measure  strain.  For  elevated  temperature  testing,  the  extensometer 
was  equipped  with  extensions  to  bring  the  transformer  unit  out  of  the  furnace. 
The  extensometer  conformed  to  ASTU  E3-64T  Classification  B1  having  a  sensitivity 
of  U.0001  inch/inch.  The  strain  rate  in  the  elastic  region  was  maintained  at 
0.005  inch/in ;h/minuto .  After  yielding  occurred,  the  head  speed  was  increased 
to  0.1  inch/inch/minutc  until  fracture. 
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t*<  Hlip  I~1  Ksion 


Procedures  for  conducting  compression  tests  are  outlined  in  AST!-) 

Mo t lit  d  K‘J-67  along  with  temperature  control  provisions  of  E21-66T.  All  slieet 
and  thin  plate  tests  were  carried  out  in  Baldwin  Universal  testing  machines 
using  a  North  American  type  compression  fixture  as  shown  in  Reference  2. 

Specimen  heating  was  accomplished  by  a  forced-air  furnace  for  temperatures  up 
Co  1000  F.  Specimen  temperature  was  maintained  by  means  of  a  Wheelco  pyrometer. 
Three  Chrome 1-Alumel  thermocouples  attached  to  the  fixture  were  used  to  monitor 
temperatures  to  within  3  F  of  the  test  temperature.  For  higher  temperatures, 
wire-wound  furnaces  were  used  with  controls  as  described  in  the  tensile  test 
section. 


The  extensometer  used  for  the  compression  tests  was  quite  similar  to 
Chat  used  in  Che  tensile  testing.  The  extension  arms  were  fastened  to  the  speci¬ 
men  at  small  notches  spanning  a  2-inch  gage  length.  The  output  from  the  micro- 
former  was  fed  into  a  load -strain  recorder  to  provide  autographic  load-strain 
curves.  During  testing  the  strain  rate  was  adjusted  to  0.005  inch /inch/minute. 

For  bar  and  forging  material,  cylindrical  specimens  similar  to  those 
described  in  ASTM  E9-67  were  used  with  appropriate  temperature  control  and  strain 
measurement  as  described  above. 

Six  specimens  (thr*e  longitudinal  and  three  transverse)  were  tested  at 
each  temperature. 


Shear 


Single-shear  sheet-type  specimens  were  used  for  sheet  and  thin-plate 
material;  for  bar  and  forgings,  a  double-shear  pin-type  was  used.  Shear  testing 
was  performed  at  room  temperature  only.  A  minimum  of  six  specimens  (three  longi¬ 
tudinal  and  three  transverse)  were  used  to  determine  ultimate  shear  strength. 


Bend 


The  procedures  for  conducting  bend  tests  are  described  in  Report  MAB- 
192-M.  The  specimens  were  placed  in  a  rigid  three-point  loading  fixture  and 
bending  tups  of  various  sizes  were  used  to  determine  the  minimum  bend  radius 
at  room  temperature. 


Creep  an  I  Stress  Rupture 


Standard  dead-weight  type  creep  testing  frames  were  used  for  the  creep 
and  stress-rupture  tests.  These  machines  are  calibrated  to  operate  well  within 
the  accuracy  requirements  of  ASTM  method  E139-66T. 
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Specimens  similar  to  those  used  for  tension  tests  were  used  for  the 
creep  and  stress-rupture  studios.  A  platinum  strip  "slide  rule"  extensometer 
is  attached  for  measuring  creep  strain  and  three  Chrome  1 -Alumel  thermocouples 
arc  attached  to  the  gage  section  for  temperature  measurements.  Extcnsometer 
measurements  were  made  visually  through  windows  in  the  furnace  by  means  of  a 
filar  micrometer  microscope  in  which  the  smallest  division  equals  0.00005 
inch. 


The  furnace  was  of  conventional  Chromel  A  wire-wound  design  with  taps 
along  the  side  to  allow  for  correcting  small  temperature  differences.  Furnace 
temperature  was  maintained  to  within  +  2  F  by  Foxboro  controllers  in  response  to 
signals  from  the  centrally  located  thermocouple.  The  temperature  of  a  specimen 
under  test  was  stabilized  for  at  least  1/2  hour  prior  to  loading. 

For  each  temperature  condition  creep  and  stress -rupture  data  were  ob¬ 
tained  to  100  and  1000  hours  using  as  many  specimens  as  necessary  to  obtain 
precise  information.  The  percent  creep  deformation  obtained  was  dependent  on 
the  material  under  test.  In  most  instances  stress-time  curves  were  defined  for 
0.2  and  0.5  percent  elongation. 


Stress  Corrosion 


Seven  specimens  of  each  alloy  were  tested  for  susceptibility  to  stress- 
corrosion  cracking  by  alternate  immersion  in  3-1/2  percent  sodium  chloride  solu¬ 
tion  at  room  temperature. 

Specimens  were  prepared  for  testing  by  degreasing  with  acetone.  Where 
a  surface  tilm  remained  from  heat  treating,  it  was  abraded  off  one  side  and  the 
adjacent  lung  edge  of  five  of  the  specimens,  and  left  intact  on  the  other  two. 

Each  specimen  was  placed  in  a  four-point  loading  fixture  and  deflected 
to  a  stress  corresponding  to  80  percent  of  the  tensile  yield  strength  of  the 
particular  material.  The  specimen  was  electrically  insulated  from  the  fixture 
by  means  of  glass  or  sapphire  rods.  Deflection  for  a  given  maximum  fiber  stress 
was  calculated  by  the  following  expression: 

0(3£a-4aa 
y  12dE 


whe  re 

y  *  deflection 

O  ■  maximum  fiber  stress 

t  •  distance  between  outer  load  points 

a  ■  distance  between  outer  and  inner  load  points 

d  ■  specimen  thickness 

E  *  modulus  of  specimen  material. 
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Each  stressed  spec  linen  was  suspended  on  an  alternate  immersion  unit. 
This  unit  alternately  immersed  specimens  in  the  3.5  percent  sodium  chloride 
•ol  ution  for  ten  minutes  and  held  them  above  the  solution  to  dry  for  50  minutes. 
Tests  were  continued  to  the  first  sign  of  cracking  or  for  1000  hours,  whichever 
occurred  first. 

Sp  ec  Imens  were  given  frequent  low-pewer  microscopic  examinations  to 
detect  cracks.  At  t  lie  first  sign  of  cracking  the  specimen  was  removed.  At  the 
conclusion  of  the  test,  selected  samples  were  sectioned  and  examined  metal- 
lographically  for  any  indication  of  cracking.  Representative  samples  in  which 
cracks  were  found  were  also  given  a  metallographic  examination  to  establish  the 
type  and  extent  of  the  cracks. 


Thermal  Expansion 


Linear-thermal-expansion  measurements  were  performed  in  a  rccordirg 
dilatuncter  with  specimens  protected  by  a  vacuum  of  about  2  x  10~b  mm  of  mercury 
In  this  apparatus  a  sheet-type  specimen  is  supported  between  two  graphite  struc¬ 
tures  inside  a  tantalum-tube  heater  element.  On  heating,  the  differential  move¬ 
ment  of  the  two  structures  caused  by  specimen  expansion  results  in  the  displace¬ 
ment  of  the  core  of  a  linear -variable  differential  transformer.  The  output  of 
the  transformer  is  recorded  continuously  as  a  function  of  specimen  temperature. 
The  entire  assembly  is  enclosed  in  a  vacuum  chamber. 

The  furnace  is  controlled  to  heat  at  the  desired  rate,  usually  5  F  per 
minute.  Errors  associated  with  measurements  in  this  apparatus  are  estimated  not 
to  exceed  +  2  percent.  This  is  based  on  calibration  with  materials  of  known 
the  nna 1 -expans ion  char ac ter is tics. 


Fatigue 


Fatigue  tests  were  conducted  using  WTS  electrohydraulic-servocontrolled 
testing  machines.  The  frequency  of  cycling  of  these  machines  is  variable  to 
beyond  2,000  cpra  depending  on  specimen  rigidity.  These  machines  operate  with 
closed-loop  deflection,  strain  or  load  control.  Under  load  control  used  in 
this  program,  cyclic  loads  were  automatically  maintained  (regardless  of  the 
required  amount  of  ram  travel)  by  means  of  load-cell  feedback  signals.  The 
calibration  and  alignment  of  each  machine  are  checked  periodically.  In  each 
case,  the  dynamic  load-control  accuracy  is  better  than  +  3  percent  of  the  test 
load . 


For  elevated  temperature  studies,  an  induction  heating  coil  controlled 
by  a  Lcpel  Induction  Heater  was  used.  A  thermocouple  placed  on  the  center  of 
tli  specimen  controlled  temperature  to  +  5  degrees. 

After  machining  and  heat  treating  (when  required),  the  edges  of  all 
siit  t  t  and  plate  specimens  were  polished  according  to  Euttul  le  -Columbus '  standard 
pi  .u  i ice  prior  to  testing.  The  unnotchcd  specimens  were  held  against  a  rotating 
drum  covered  with  entry  paper  and  polished  using  a  kerosene  lubricant.  Succes- 
siv  I;  lin-r  grits  of  eucry  paper  were  used,  as  required,  to  produce  a  surface 
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of  about  10  RMS.  Unnotched  round  specimens  wore  polished  in  tlie  Bat  Celle -Columbus 
polishing  appuratus.  Tliis  machine  utilizes  a  rotating  belt  sender  driven 
reel 1 1  inear ly  along  the  specimen  test  section  while  the  specimen  is  being  rotated. 
The  belt  speed  and  specimen  speed  are  adjusted  so  that  polishing  marks  on  the 
specimen  arc  in  the  longitudinal  direction.  The  surface  finish  is  about  the  same 
as  th.it  on  the  flat  specimens.  The  notched  flat  specimens  were  held  in'  a  fixture 
and  polished  with  a  slurry  of  oil  and  alundum  grit  applied  liberally  to  a  rotat¬ 
ing  wire.  Notched  round  specimens  arc  polished  in  the  same  manner,  except  that 
the  specimen  is  rotated. 

A  shadowgraph  optical  comparator  was  used  for  measuring  the  test  sections 
of  all  polished  specimens  and  for  inspection  of  the  root  radius  in  the  case  of 
the  notched  specimens. 

The  stress  ratio  for  all  specimens  was  R  -  0.1.  Stresses  for  notched 
(Kt  -  3.0)  and  unnotchcd  specimens  were  selected  so  that  S-N  curves  were  defined 
between  103  and  10^  cycles  using  approximately  10  specimens  for  each  set  of  fatigue 
conditions. 


Fracture  Toughness 


Two  types  of  fracture  toughness  tests  were  used.  For  heavy  section 
materials,  the  chevron-notched,  slow  bend  test  specimen  of  ASTM  Method  E-399-72 
was  selected.  For  thinner  section  sheet  materials,  center  through-cracked  ten¬ 
sion  panels  were  used  as  test  specimens.  All  specimens  were  precracked  in  fa¬ 
tigue  and  subsequently  fractured  in  a  servocontrolled  electrohydraullc  testing 
system  of  appropriate  load  capacity. 

The  slow-bend  type  specimens  were  precracked  and  tested  under  3 -point 
loading.  The  pop-in  load  for  materials  susceptible  to  brittle  fracture  was  deter¬ 
mined  from  the  load -compliance  curve.  When  pop-ln  was  not  detectable,  the  curves 
were  analyzed  using  the  5  percent  secant  offset  method  of  the  ASTM  procedure. 

The  thin  sheet  center  through-crack  tension  panels  were  initially  saw- 
cut  and  then  precracked  in  constant  amplitude  fatigue  loading.  In  order  to  main¬ 
tain  a  flat  fatigue  crack  and  not  plastically  strain  the  uncracked  section,  the 
maximum  stresses  were  adjusted  to  keep  the  applied  stress-intensity  factor  less 
than  onc-third  or  one-quarter  of  that  anticipated  at  fracture.  This  usually  in¬ 
volved  stepping  down  the  stresses  as  the  cracking  proceeded.  The  crack  was 
extended  to  approximately  one-quarter  of  the  panel  width.  Buckling  guides  were 
attached  and  a  clip-type  compliance  gage  was  mounted  in  the  central  notch.  The 
panels  were  fractured  tn  a  rising  load  test  at  a  stress  rate  in  the  range 

.002  E  <  S  <  .005  E  ksi/min  , 

which  corresponds  nominally  to  the  gross  strain  rate  of  standard  tensile  testing. 
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APPENDIX  II 


SPECIMEN  DRAWINGS 


FIGURE  Aft.  SHEET  AND  THIN -PLATE  TENSILE 
SPECIMEN 


FIGURE  47,  ROUND  TENSILE  SPECIMEN 


Noiei  l  i  '-di  mo*»  t>*  flat  an.i  parallel  \o 
*..IM»  00002" 

_■  v.  -ffj.-j  mjti  fr*;?  *?oro  hu  k'j 

und  K*ultl«» 

FIGURE  48  .  SHEET  COMPRESS  LON  SPECIMEN 


Nol«  Ends  to  t*  Hot  onn  poro'iti 
lo  OOOOL'1  ot  (J 


FIGURE  49  .  ROUND  COMPRESSION  SPECIMEN 


FIGURE  50.  SHEET  CREEP-  AND  STRESS- 
RUPTURE  SPECIMEN 


FIGURE  51  .  ROUND  CREEP  -  AND  STRESS- 
RUPTURE  SPECIMEN 


3  00 
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FIGURE  5C>  .  UNNOTCHKI)  ROUND  FAT  1 (7U E 
SPECIMEN 


FIGURE  57 .  NOTCHED  ROUND  FATIGUE 
SPECIMEN 
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FIGURE  59.  SLOW  BENI)  FRACTURE  TOUGHNESS 
SPECIMEN 


FIGURE  53 


SHEET  FRACTURE  TOUGH¬ 
NESS  SPECIMEN 


FIGURE  60.  STRESS -CORRUS ION  SPECIMEN  FIGURE  61  .  THERMAL-EXPANSION 

SPECIMEN 


FIGURE  62.  SHEET  BENI)  SPECIMEN 


FIGURE  63.  NOTCHED  IMPACT  SPECIMEN 
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DATA  SHEETS 
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FIC-JP.E  4.  KLIM.  LOAD  PATIdUE  RESULTS  TOR  NOTCHED  17-4  PH  <H900'i  IA*  (ESR) 
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Alloy  Data  (continued) 


OF  UOItfST  710  FORCED  BAR 


Alloy  7050  Is  an  Al-?.n-K$-Cu  nllcv  developed  by  the  Alcoa  Research 
ories  supposed  by  the  Naval  Air  Systems  Command  and  the  Air  Force 


10*  cycles,  ksi 

ID*'  cycle*,  kii 


7050-TTE56  Aluolnua  Alloy  Data  (continued) 
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Unnolcfcer! 

Transverse 


Aluminum  Alloy  (continued) 


FIGURE  2.  EFFECT  OF  TEMPERATURE  0>‘  THE  COMPRESSIVE 
PROPERTIES  OF  2214-7351  PLATE 


,  ^  =-»terijT  for  [k!i  evaluation  v-s  !>_v  the  Air  Force  Materiel., 

laboratory  and  contlfted  of  piece,  .actioned  from  a  helicopter  rotor  hub.  The 


TI-6M-6V  2«»ta  f continued 


Umofcted 

Trc^sverse 


